Abstract.-Analyses of the protein residues recovered from fossil oyster shells of ages from the Pleistocene through the Cretaceous show substantially the same amino acids as are present in modern proteins. The amount of these residues declines sharply to the Oligocene, after which it proceeds more slowly. These older proteins contain relatively less aspartic acid andc glycine than do their younger counterparts.
Abstract.-Analyses of the protein residues recovered from fossil oyster shells of ages from the Pleistocene through the Cretaceous show substantially the same amino acids as are present in modern proteins. The amount of these residues declines sharply to the Oligocene, after which it proceeds more slowly. These older proteins contain relatively less aspartic acid andc glycine than do their younger counterparts.
More or less intact proteins have now been recovered and analyzed from a number of fossil bones1' 2 and shells3 many millions of years old. These proteins contain the same amino acids as those derived from modern specimens but tisually in rather different proportions. This brings to the fore the question of whether or not the composition of the ancient proteins originally was different from that of their modern counterparts. Before giving an affirmative answer it is necessary to be sure that contaminating proteins have not been introduced and to decide if the observed differences could be attributed to a slow denaturation of the original material. Careful inspection can minimize the danger from contaminations and we believe that help in choosing between the remaining alternatives can come through analyses of the proteins from a series of fossils of an animal species that has changed little with time. Such proteins are provided by invertebrate shells and with this in mind we have analyzed the proteins from a series of oyster shells from the Pleistocene to the Cretaceous. Gryphaea convexa, Cream Ridge, N.J.
Cretaceous I 6941 After being thoroughly cleaned by a scrubbing with distilled water and being ground to remove surface layers, 20-50 gram samples were powdered and dissolved in 2 N HCl. The insoluble residues, washed with distilled water, were hydrolyzed by heating with 6 N HCl for 24 hr at 100'C in a closed tube under nitrogen. The resulting solutions were evaporated to dryness at 60'C under reduced pressure, taken up in small quantities of distilled water and redried under the same conditions. These dried residues were then dissolved in 1 ml of sample-diluting buffer for column chromatography. Appropriate volumes, determined by preliminary ninhydrin tests, were analyzed in the semi-automatic chromatograph employed in this laboratory. The resulting curves were analyzed in the usual fashion, absolute amounts of the various amino acids being obtained by reference to parallel analyses of a standard mixture of acids.
Res-ults.-TThe quantities of the various amino acids constituting these fossil proteins, in terms of micrograms per gram of fossil shell, are listed in Table 1 . The same analyses expressed in terms of residues per 100 (residue per cent) are given in Discussion.-Except for the Eocene fossil which is the least well preserved, the amount of recovered protein declines with increasing age of the specimen. This decrease, at first very rapid, is, however, minimal for the Oligocene and more ancient fossils; thus the Pleistocene sample contains almost 20 times as much protein as the Pliocene and this in turn has preserved about three times as much as those that are older. The proportions of the amino acids also change during the period of rapid protein loss. As Table 2 shows, the relative amounts of aspartic acid and glycine are drastically reduced in the Oligocene and older samples compared to the Pleistocene, with the Pliocene protein intermediate between these extremes. Decrease in these two acids is compensated by an increase in the relative amounts of most but not all the others.
To the extent that they are comparable, our results are in substantial accord with certain paper chromatographic measurements on recent and fossil scallop shells4 and with recently published3 column chromatographic analyses of prismatic proteins from modern and Eocene Pinna shells. There are significant differences in the relative amounts of several of the amino acids in the fossil proteins from these different sub-orders of invertebrates which can only be understood after many more analyses have been made. Nevertheless they all agree in showing that the relative amounts of aspartic acid and glycine are greatly reduced in older fossil proteins compared to those from Recent or Pleistocene shells.
Our analyses do not permit a final conclusion as to whether or not the conchiolins of ancient oysters were different from those of more recent species but they do show that if such changes occurred it was in the period between the Oligocene and the Pleistocene. If, as from some standpoints seems more probable, the observed differences in composition are attributed to a progressive denaturation of proteins that initially were very similar, the following remarks are pertinent. The early denaturation that reduces the relative amounts of aspartic acid and glycine results in a proteidic residue of remarkable stability since it changes little in the long interval between the Oligocene and the Cretaceous. Examination of modern shells6 has indicated that protein from prismatic shell may have more than one component and that these may disappear at different rates from a fossil. In any event as Akiyama4 has already pointed out, aspartic acid and glycine are among the amino acids considered5 chemically to be most stable. Clearly a denaturation such as that envisaged here cannot be one in which the least stable amino acid components are lost first. lMiller II, M. F., and R. W. G. Wyckoff, these PROCEEDINGS, 60, 176 (1968) . 2 Wyckoff, 11. W. G., Compt. Rendus, 269, 1489 (1969 . 3 Bricteux-Gr6goire, S., M1. Florkin, and C. Gregoire, Comp. Biochem. Physiol., 24, 567 (1968) .
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